Marine-derived fungi are of great interest as new promising sources of bioactive secondary metabolites. The aim of this study was to determine the antioxidant activity, tyrosinase inhibitor and antiglycation of marine-derrived fungi collected from Kepulauan Seribu Marine National Park, Indonesia. Antioxidant screening was determined using the 1,1-diphenyl-2-picryl hydrazyl (DPPH) method. The tyrosinase inhibitor was screened using L-tyrosine substrate, while the antiglycation test was determined by the ability to inhibit the formation of advanced glycation end products (AGEs). A total of 28 marine fungi isolates had been screened for their activities. Mycelium extract of MFP 271 had the best antioxidant activity with the IC 50 of 287.25 ± 50 µg/mL. Mycelium extract of MFP 277 had the best tyrosinase inhibitory activity with the IC 50 of 586.42 µg/mL. The MFP 274-broth extract had the highest antiglycation activity with the IC 50 value of 298.57 µg/mL. Based on the screening, the crude extracts were considered weak as antioxidant, but tyrosinase inhibitor and antiglycation activity of MFP 277 and MFP 274 are needed to investigate in depth activities.
Introduction
Aging is a physiological process that occurs in all living things that includes all organs including the skin. The skin is the outer body tissue that directly shows the aging process. Skin aging occurs due to the presence of free radicals and advanced glycation end (AGEs) products in the body which are the end products of protein glycation reactions (Povichit, Phrutiv orapongkul, Sut taji, Chai yasut , & Leelapornpisid, 2010) . In skin aging process, AGEs interact with collagen and then form helical bonds that cause skin aging, such as the appearance of wrinkles and reduced skin elasticity (Ichihashi, Yagi, Nomoto & Yonei, 2011) . Bad environment and lifestyle such as extended exposure time to pollution, ultraviolet light, and sun can accelerate the skin aging process because it can increase free radicals and oxidative stress. The use of antiaging products is increasingly prevalent in the community in an effort to prevent skin damage and maintain its appearance. Antiaging agents work by inhibiting the formation of AGEs (Ndlovu, Gerda, Malefa, Werner & Vanessa, 2013) .
In addition to aging, excessive production of melanin or skin browning is also a problem. Melanin is responsible for human skin color. Tyrosinase is known as an copper-containing enzyme and plays a role in melanin pigment formation. In this process, it often produces reactive oxygen species (ROS) which can increase melanin pigment formation. Tyrosinase inhibitors are widely used in dermatological treatments or in cosmetics for skin whitening by inhibiting the enzymatic process of melanin formation (Chang, 2012) .
Research on tyrosinase inhibitors and antiaging compounds from native Indonesian plants has been carried out, incl uding leav es of the f am ily Zingiberaceae (Zahra, Kartika, Batubara, Darusman & Maddu, 2015) , Protium javanicum leaves (Batubara & Adfa, 2013) , and several medicinal plants (Fathurrahman, 2015) . Natural ingredients as antiaging and tyrosinase inhibitors are still being explored due to their safety against synthetic chemicals. In addition to plants, endophytic microbes also have the potential as antiaging and tyrosinase inhibitors, one of which is fungi. Endophytic fungi can produce various secondary metabolites, both in structure and function (Kumala & Fitri, 2008) .
Marine environment is a complex ecosystem as well as a habitat for microbes including fungi. Marine derived fungi attracts attention as a source of bioactive compounds. Since marine live organisms are biologically competitive environment with unique conditions of pH, temperature, pressure, oxygen, light, nutrients, and salinity, the chemical diversity of the secondary metabolites of marine fungi are considerably high (Wu, Wu, Sun & Li, 2012; Hong et al., 2015) . Research on antiglycation and tyrosinase inhibitors derived from fungi extract has not been widely carried out. Antibacterial and antioxidants activity derived from marine microbes are quite high. Reported microbes associated with Stylotella sp. has antibacterial activity with the formation of clear zones in some pathogenic bacteria and antioxidants with an antioxidant capacity of 1,610 mol trolox/g extract (Yoghiapiscessa, Batubara, & Wahyudi, 2016) . In addition, Utami (2014) reported that marine microbes associated with sponges has antioxidant capacity of 649.92 mol trolox/g extract. Research related to antioxidants and tyrosinase inhibitors from marine fungi, for example, was investigated by Li, Li, Xu, Li and Wang (2016) , Dewi, Tachibana, Itoh and Ilyas (2012) , and El-Hady, Aziz, Shaker and El-Shahid (2014) . Considering the high diversity of marine fungi in Indonesia, research to explore the potential of marine fungi as antioxidants, tyrosinase inhibitor, and anti-glycation needs to be conducted. The purpose of this study was to determine antioxidant activ ity, tyrosinase inhibitor, and antiglycation of marine fungi from the Kepulauan Seribu Marine National Park, Jakarta, Indonesia.
Materials and Methods

Fungi Material
Fungi used in this research were obtained from Research Center for Marine and Fisheries Product Processing and Biotechnology (RCMFPPB) Culture Collection. These fungi were isolated from the surface of marine invertebrate which had been collected from Kepulauan Seribu Marine National Park.
Fungi Cultivation
Cultivation of fungi was carried out according to Kjer, Debbab, Aly and Proksch (2010) with a slight modification. Sterile malt extract agar (MEA) medium was poured into petri dishes and allowed to solidify. Fungi isolates from deep freezer (-73 o C) were thawed, then inoculated over the MEA medium. Fungi spores were then incubated at 28-29 o C for 7 days. The growing fungi were then inoculated into an Erlenmeyer flask containing 100 mL of malt extract broth (MEB) medium. Static cultivation was carried out for 4 weeks at temperature of 27-29 °C.
Fungi Extraction
Fungi extraction was conducted according to Nursid, Pratitis, and Chasanah (2010) . Mycelium and broth were extracted separately. Broth was extracted using ethyl acetate and the mycelium was extracted by maceration using a mixture of methanol: dichloromethane (v/v = 1:1). Each extraction solvent was then concentrated by vacuum evaporator. The remaining solvent contained in the extract was then dried by vacuum concentrator.
Antioxidant Assay
The antioxidant assay was conducted according to Batubara, Mitsunaga and Ohashi (2009) . The dried extracts were dissolved in methanol then diluted to final concentrations of 100, 200, 400, 800, and 1600 µg/ml as sample solutions. A total of 100 µL of sample solution and 100 µL of 125 µM DPPH solution were put into a 96-well plate. Samples were incubated at room temperature for 30 minutes. After that, the absorbance was measured at a wavelength of 517 nm using a microplate reader (Thermo Fisher Scientific). Ascorbic acid was used as positive control. 
Tyrosinase Inhibition Assay
Tyrosinase Inhibition Assay was conducted according to Batubara and Adfa (2013) . The sample was dissolved with DMSO as a stock solution. Range of concentrations were prepared (31.25; 62.5; 125; 250; and 500 µg/ml) by dissolving concentrated extract using phosphate buffer (pH 6.5). A total of 70 L of extract solution was put into a 96-well plate, then 30 L tyrosinase enzyme (Sigma, 333 units of mL -1 in phosphate buffer solution) was added, and the mixture was incubated for 5 minutes. Then, 110 L of substrate (L-tyrosine 2 mM) was added then incubated at 37 o C for 30 minutes. The absorbance was measured at a wavelength of 492 nm using microplate reader (Thermo Fisher Scientific). Kojic acid was used as a positive 
Antiglycation Assay
Antiglycation activity assay was conducted according to Faturrahman (2016) IC 50 value was determined from the correlation of each concentration with the percentage of protein glycation inhibition.
Result and Discussion
Fungi Cultivation
The fungi isolates used in this study were 28 isolates in total. All of them were culture collections of RCMFPPB. The isolates were isolated from the surface of marine invertebrates (such as sponges, soft corals, and ascidians) that were taken from Kepulauan Seribu Marine National Park, DKI Jakarta. The isolates were preserved at -73 o C in MEA medium containing 10 % glycerol. Before the fungi was cultivated in MEB liquid medium, it was refreshed in MEA solid medium. Refreshment was aimed to get young spores so that they can produce better products (Wuryanti, 2008) . It was also aimed to find out the cultivated fungi was a monoculture without other microbial contaminants. MEA medium is commonly used for endophytic fungus isolation and culture because the medium contains nutrients needed for fungi growth. MEA medium contains malt extract, yeast extract, and peptone dissolved in seawater. Malt extract acts as an energy source for fungi. Yeast extract is rich in B vitamins, carbohydrates, and nitrogen so that it can enrich nutrients in the medium. Pepton contains free amino acids, peptides, and proteases which are the main sources of nitrogen. Fungi was refreshed for 4-5 days at room temperature and static conditions. On the fourth day, the mycelium had grown. Each isolate had a different mycelium color and shape.
Antioxidant Activity
Screening of antioxidant activity of fungi extract carried out at doses of 1,000 µg/mL are showed in varied results (Table 1) . ANOVA test results showed that different fungi strains affected DPPH free radical scavenging activity (p <0.05). There were five broth extracts which had a scavenging capacity of free radicals above 50 % namely MFP 144, MFP 152, MFP 218, MFP 280, and MFP 282. In the mycelium extract, there were also 5 extracts that had a scavenging capacity of free radicals above 50 % namely MFP 152, MFP 270, MFP 272, and MFP 280. Based on the results of the initial screening, further test of 5 extracts of broth and mycelium was carried out using series of concentration to obtain IC 50 values. The IC 50 values obtained were very diverse, but in general the IC 50 value of each extract was above 100 µg/mL (Table  2) . Molyneux (2004) classified antioxidant activity based on IC 50 values, e.g. very strong (<50 µg/mL), strong (50-100 µg/mL), weak (150-200 µg/mL), and very weak ( >200 µg/mL). Based on this, the extract of broth and mycelium are classified as very weak.
Antioxidants are electron donor compounds or reducing agents. Antioxidants can inhibit oxidation reactions by capturing free radicals and highly reactive molecules. Reactive oxygen species (ROS) are an oxidant produced in the body that can trigger oxidative stress and cause tissue dysfunction and degenerative diseases (Ali et al., 2008 Table 1 . Antioxidant activity of broth and mycelium extract by using DPPH assay at dose 1,000 µg/ml of an antioxidant to donate protons to radical DPPH (Jafari et al., 2016) . This method is often used to test antioxidant activity because of several advantages, namely direct inhibition measurement, simple, and fast (Kaewnarin, Niamsup, Shank & Rakariyatham, 2014) .
The antioxidant activity of fungi in this research was classified as very weak. This was probably due to the tested extract was crude extract and also contained a lot of salt from the medium. In this study, the media used contained sea water with salinity of 30 o / oo . Even though, some reports explained that marine fungi have strong antioxidant compounds. Li et al. (2014) reported that Aspergillus wentii EN-48 fungi produced metabolites of anthraquinone compounds which had DPPH free radical scavenging activity with IC 50 values ranging from 5.2 to 99.4 g/ mL. Aspergillus terreus LS01 produced active terreic Note: different letters (a-m) showed significant differences ( acid and terremutin metabolites which can reduce DPPH free radicals with IC 50 values of 0.115 ± 4.02 and 0.114 ± 2.19 mM, respectively (Dewi et al., 2012) .
Tyrosinase Inhibitor
The screening of tyrosinase inhibitor activity results at a dose of 1,000 µg/mL from the medium extract showed that extract of MFP 152 strain had the most powerful activity, which was 42.74 %. Compared to broth extracts, mycelium extract showed stronger activity. The high activity in the mycelium extract was shown by extracts of MFP 272, MFP 276, and MFP 277 with inhibition values of 58.80 %, 62.15 %, and 45.01 %, respectively (Table 3) .
The broth and mycelium extract were further tested to obtain IC 50 value using kojic acid as a positive control. The test results showed that MFP 272 has the smallest IC 50 value of 742.31 µg/mL. Kojic acid as a positive control has an IC 50 value of 119.40 µg/mL (Table 4 ).
ANOVA test showed that different fungus strain affected tyrosinase inhibition (p <0.05). The IC 50 calculation from the four extracts showed that the MFP 277 mycelium extract had the best activity but not significantly different from the MFP 272, MFP 276, and MFP 277 mycelium extract. Compared to kojic acid which has IC 50 value of 119.40 µg/mL, the activity of MFP fungi 272, MFP 276, and MFP 277 was still considered as weak. For the same reason, the weak activity of tyrosinase inhibitor was probably due to the extract used in the form of crude which still contains a large amount of salt from the media Tyrosinase is a copper-containing enzyme or metaloenzyme which is widely distributed in nature, including bacteria, fungi, plants, and animals. In mammals, tyrosinase plays a role in pigmentation of the skin, eyes, and hair (Chang, 2012) . Tyrosinase is involved in the pigmentation process, by changing the L-tyrosine substrate into L-DOPA and converting the L-DOPA substrate into dopaquinone (Tang, Zhang, Zhao, & Chen, 2015) . High reactivity of DOPA or dopaquinone causes spontaneous polymerization reactions to form melanin (brown pigment). The mechanism of melanin formation is the enzyme tyrosinase catalyzes t yrosi ne i nto 3,4-dihydroxyphenylalanine (DOPA), then DOPA is oxidized to dopaquinone and then occurs reactions that produce eumelanin or feomelanin pigments (Likhitwitayawuid, 2008) .
Marine-derived fungi containing tyrosinase inhibiting compounds for example from Pestalotiopsis sp. strain Z233 have been isolated from the brown algae Sargassum horneri. Sesqueterpene group compounds of 1,5,6,14-tetraacetoxy-9-benzoyloxy-7H-eudesman-2,11-diol and 4,5-diacetoxy-9-benzoyloxy-7H-eudesman-1, 2,11,14-tetraol showed tyrosinase inhibitory activities with IC 50 value of 14.8 µM and 22.3 µM, respectively (Wu et al., 2013) . Meanwhile El-Hady et al. (2014) 
Broth Extract
Mycelium Extract
Note: different letters (a-e) showed significant differences ( Table 3 . Tyrosinase inhibitor activity of broth and mycelium extract reported that marine fungi Aspergillus sydowii strain W4-2 isolated from sponge Amphimedon viridis had moderate activity against tyrosinase.
Antiglycation
The results of the antiglycation activity screening of the extract at a concentration of 1,000 µg/mL generally showed that the medium extract had a better activity than the mycelium extract (Table 5) .
ANOVA test results showed that different fungi strain affects the inhibition percentage of AGEs (p <0.05). There were 7 extracts which had activity above 50 %, namely, MFP 148, MFP 172, MFP 221, MFP 224, MFP 271, MFP 274, and MFP 282. Broth extracts from MFP 274 and MFP 224 had the best antiglycation activity with the IC 50 values of 298.57 µg/ mL and 328.80 µg/mL, respectively (Table 6) . Statistically, the activity of AGEs inhibition of MFP 274 extract was not significantly different from MFP 224, but the IC 50 values of both extracts were significantly different from IC 50 of aminoguanidine which was 73.25 µg/mL so that the extract of MFP 274 and MFP 224 medium was still not effective enough to inhibit the f ormation of AG Es com pared to aminoguanidine. AGEs are a group of compounds that is used as an indicator for protein modification by reducing sugars produced in the Maillard reaction. The Maillard reaction begins with the formation of Schiff bases between aldehyde groups of reducing sugars with amino acids f rom proteins or nucleic acids. Rearrangement reactions in the Schiff base produce a more stable, toxic, and able to react with amino aci ds am adori products (Al-F arabi , 2013) . Accumulation of AGEs in dermal tissue will increase the stress of glycation on the skin. AGEs will interact with collagen in the epidermal layer of the skin which accelerates skin aging. AGEs can also produce reactive free radicals that will accelerate protein glycation reactions (Ndlovu et al., 2013) .
Protein glycation occurs when the reaction between albumin and reducing sugars produces glycated proteins. Albumin used in the assay comes from the mammalian blood component, i.e. BSA. BSA has the highest glycation sensitivity to AGEs with the highest relative fluorescense (RF) values compared to other amine sources. Glucose, fructose, and ribose can be used as compounds that initiate glycation. Glucose is chosen to reduce sugar in the in vitro protein glycation model, because its concentration is proportional to the level of sugar in human blood. In addition, fructose which has a higher reactivity than glucose can be chosen to increase the effectiveness of the formed AGEs (Hori et al., 2012) .
The glycated protein changes the structure and molecular weight that contains highly reactive free radicals. These free radicals then form intra-and intermolecular cross-linkages involved in body biochemical abnormalities associated with aging and diabetes. Compounds that also act as free radical trappers can be more effective in inhibiting the formation of AGEs. Antioxidants can inhibit monosaccharide autoxidation, prevent oxidation of amadori products, and reduce the reactivity of Maillard reactions intermediate dicarbonyl compounds (Vauzour, Mateos, Corona, Concha & Spencer, 2010) . Aminoguanidine which is a synthetic drug is often used as an inhibitor of the formation of AGEs because it is able to trap carbonyl intermediates in the Maillard reaction. However, long-term use of aminoguanidine has the potential to cause toxic effects in the body (Shen, Su & Sheng, 2017) . In this test, protein glycation inhibition was determined based on fluorescence intensity on the test solution consisting of glycation control, positive control, and the extract. The smaller the fluorescence intensity produced by a test solution, indicating that fewer AGEs are formed and the greater the inhibitory power. Incubation of the solution is carried out at a temperature of 60 o C for 40 hours because the temperature and time are the general condition of the protein glycation reaction. Measurement of AGEs can be done using a flourometry method. Flourimeter (fluorescence spectrometry) is a device used to measure a compound through the intensity and distribution of emissions emitted (Lakowicz, 2006) .
Overall, based on the screening results conducted in this study, fungal strain with the best antioxidant activity was MFP 271 (mycelium extract), the best tyrosinase inhibitor was shown by MFP 277 (mycelium extract) and the best antiglycation was shown by 274 MFP (mycelium extract) (Figure 1 ). The MFP 271 and MFP 274 were isolated from an ascidan surface while the MFP 277 was isolated from the soft coral surface. Both hosts were obtained from the waters around the Pulau Panggang, Kepulauan Seribu, Indonesia.
Preliminary observations result showed that the morphology of the fungi was characterised as Aspergillus. This is parallel with Bugni and Ireland (2004) Table 6 . IC 50 value of AGEs inhibition of selected marine fungi Note: different letters (a-c) showed significant differences ( have a strong tolerance range in the high-salt environment. In this study, MFP 271 colonies were yellow while MFP 274 and MFP 277 colonies were white. To determine these fungus, it will need further research both microscopically and molecularly. In addition, fermentation is needed on a larger scale to obtain more extracts so that it is sufficient to isolate and identify the active compounds contained in the fungi.
Research on bioprospecting of marine fungi from Kepulauan Seribu Marine National Park was conducted by Fajarningsih, Pratitis, Wikanta and Chasanah (2012) . Cytotoxicity screening was carried out to 46 marine fungi extracts againts HeLa and HepG2 cells. The screening showed that several marine fungi had promising cytotoxicity. Nursid, Chasanah, Murwantoko and Wahyuono (2011) tested cytotoxicity of marine fungi from several Indonesian waters (Manado waters, Kepulauan Seribu Marine National Park, and Wakatobi Marine National Park). One of the "hit" from the study was the MFW39 strain which had an inhibition of 35.5% to T47D cells. After being recultivated on 1 L scale, cytotoxicity of mycelium extract increased with IC 50 of 21.9 µg/ml. The research on bioprospecting of tyrosinase inhibitor and antiglycation from marine fungi collected from Kepulauan Seribu Marine National Park is still very limited. In this research, although the antioxidant, tyrosinase inhibitor and antiglycation activities of MFP 271, MFP 277 and MFP 274 were weak compared to the positive controls, the results of this study showed the potential of marine fungi from Kepulauan Seribu Marine National Park as a source of biomedical as well as cosmetic compounds. Therefore, the results of this research were also useful as information on marine fungi bioprospecting particularly as antioxidant, tyrosinase inhibitor, and antiglycation.
Conclusion
Broth and mycelium extracts have different activities on antioxidant, tyrosinase inhibitor, and antiglycation. Extract with the best antioxidant activity was MFP 271 mycelium extract (IC 50 287.25 6 µg/ mL). The extract which had the potential as a tyrosinase inhibitor was the MFP 277 mycelium extract (IC 50 586.42 µg/mL). The extract which had the potential was antiglycation was MFP 274 medium extract (IC 50 298.57 µg/mL). Compared to the control, bioactivity of the crude extracts tested were considered weak.
